The mechanisms underlying the hepatotropism of hepatitis A virus (HAV) and the relapsing courses of HAV infections are unknown. In this report, we show for a mouse hepatocyte model that HAV-specific immunoglobulin A (IgA) mediates infection of hepatocytes with HAV via the asialoglycoprotein receptor, which binds and internalizes IgA molecules. Proof of HAV infection was obtained by detection of HAV minus-strand RNA, which is indicative for virus replication, and quantification of infectious virions. We demonstrate that human hepatocytes also ingest HAV-anti-HAV IgA complexes by the same mechanism, resulting in infection of the cells, by using the HepG2 cell line and primary hepatocytes. The relevance of this surrogate receptor mechanism in HAV pathogenesis lies in the fact that HAV, IgA, and antigen-IgA complexes use the same pathway within the organism, leading from the gastrointestinal tract to the liver via blood and back to the gastrointestinal tract via bile fluid. Therefore, HAV-specific IgA antibodies produced by gastrointestinal mucosaassociated lymphoid tissue may serve as carrier and targeting molecules, enabling and supporting HAV infection of IgA receptor-positive hepatocytes and, in the case of relapsing courses, allowing reinfection of the liver in the presence of otherwise neutralizing antibodies, resulting in exacerbation of liver disease.
Hepatitis A virus (HAV), a hepatotropic picornavirus (for a review, see reference 15), causes acute viral hepatitis in humans by an immunopathogenetic mechanism (41) . The HAV infection is characterized by a short, self-limited disease and does not lead to chronic cases. However, after initial improvement in symptoms and liver test values, one or more relapses of the disease are described for up to 20% of patients (14, 40) . These relapses occur between 30 and 90 days after the primary episode, when high titers of neutralizing antibodies are already detectable (12) . HAV is transmitted by the fecal-oral route, but the mechanism by which the virus first enters the bloodstream and reaches the liver as well as the pathogenetic mechanism leading to a relapsing disease remains unclear.
Kaplan et al. (17) reported that a mucin-like class I integral membrane glycoprotein which was identified on African green monkey kidney cells acts as an attachment molecule for HAV. It was demonstrated that the human homolog is a binding receptor for HAV; it has been suggested that it is also a functional receptor (10) . Although cell lines originating from tissues other than liver, such as fibroblasts and kidney cells, are also susceptible to HAV infection (9, 11) and although HAV antigen and the putative receptor for HAV could be detected in different organs, such as kidney, spleen, and gastrointestinal tract (2, 6, 10, 18) , no extrahepatic sites of HAV replication have been clearly identified. The data on the ubiquitous expression of a receptor for HAV and the ability of HAV to replicate in a number of nonliver cells in cell cultures, but obviously not in the organism, suggest that HAV may be targeted to the liver by a particular mechanism.
Data from several laboratories showed that HAV virions are partially associated with immunoglobulin A (IgA) molecules (19, 22) and other host organism-derived materials, such as fibronectin or ␣ 2 -macroglobulin (21, 23, 24, 35, 43) . As viruses may find entry into host cells via receptors specific for molecules of the host organism ligated to the virion (13, 16, 20, 26) and as the liver plays a central role in IgA metabolism by eliminating IgA as well as antigen-IgA complexes (4), we wondered if HAV-specific IgA ligated to HAV supports the targeting of HAV to the liver and is able to mediate the entry of HAV into hepatocytes via receptors specific for the IgA molecule and if such a carrier-mediated mechanism may result in viral infection. This mechanism, by which a molecule normally designed to neutralize viral infectivity is recruited to arrange HAV infection of the liver, can explain still-unanswered questions about HAV pathogenesis, such as the lack of extrahepatic sites of replication and the relapsing courses of HAV infection in the presence of otherwise neutralizing antibodies (12, 14, 40) . Therefore, our studies were designed to examine binding to and uptake into hepatocytes of HAV-anti-HAV IgA immunocomplexes and the following viral replication. We also investigated whether HAV-anti-HAV IgA complexes may play a role in the oral transmission of HAV.
MATERIALS AND METHODS

Cells.
The murine hepatocellular cell line NCTC clone 1469 (ATCC CCL 9.1) was used to investigate the IgA-assisted entry of HAV into hepatocytes. The cells were maintained as continuous cultures in Dulbecco modified Eagle medium (DMEM) supplemented with 1% fetal calf serum. In order to split the cells weekly at a ratio of 1:2, they were detached from the tissue culture plate with Versene and cultivated with DMEM-10% FCS as the growth medium.
FRhK-4, HepG2, and Ltk Ϫ cells were cultivated as described previously (9) . Human primary hepatocytes were kindly provided by B. Flehmig, Tübingen, Germany. The cells were grown in 24-well culture plates using minimum essential medium (MEM) supplemented with Hank's and Earl's salt solutions, 5% fetal calf serum, 1% human serum, 20 g of ornithine per ml, 50 g of ascorbic acid per ml, 25 g of insulin per ml, and 0.7 l of BME-vitamin solution (GIBCO) per ml.
Virus. HAV was prepared by triple freeze-thaw cycles and removal of cellular debris (9) from FRhK-4 and HepG2 cells infected with a tissue culture-adapted variant of strain HM175, which was recovered from persistently infected cultures (7) .
The 50% tissue culture infective dose (TCID 50 ) titer was determined 2 weeks after inoculation by indirect immunofluorescence using the monoclonal anti-HAV IgG antibody 7E7 (Mediagnost, Tübingen, Germany) and calculated by the Kärber method (3) .
Preparation of virion RNA and transfection. HAV replication was investigated with cells not able to be infected with the virus after transfection with genomic RNA phenol extracted from purified virions (9) . Virions were purified from viral stocks by incubation for 2 h at room temperature with a mixture of detergents (0.5% sodium dodecyl sulfate [SDS], 0.4% sodium deoxycholate, 1% Nonidet P-40), extraction with chloroform until the interface was clear, and pelleting of the virions through a 40% sucrose-0.5% Sarkosyl cushion by centrifugation at 40,000 rpm for 5 h at 4°C in an SW40 rotor.
Three to four micrograms of RNA was used to transfect cells, which were cultivated on 6-cm dishes, using DEAE-dextran. HAV replication was examined by slot blot analysis of total cell RNA as described previously (9) . Briefly, total cell RNA was prepared by extraction with phenol-chloroform-1% SDS 2 weeks after transfection from the transfected cells and after amplification in FRhK-4 cells, which were inoculated with one-third of the cell lysate prepared from the transfected cells and then were incubated for 10 days. The RNA was blotted onto nitrocellulose, baked at 80°C for 2 h, and hybridized with full-length 32 For IgA supplementation, one-half of the culture medium of infected cells was removed and treated with IgA as described above.
HAV-anti-HAV IgG complexes were prepared as described for IgA complex formation using human anti-HAV IgG.
Isolation and characterization of human IgA and IgG. Human IgA was purified from sera of HAV patients by ammonium sulfate precipitation followed by affinity chromatography using jacalin (Pierce) (30) to isolate IgA, elution with 0.1 M melibiose, and gel filtration through Sephadex G-200 (Pharmacia) to separate monomeric IgA and dimeric IgA. The IgG fraction was obtained after the removal of IgA with jacalin. The fractions were analyzed by SDS-polyacrylamide gel electrophoresis and radial immunodiffusion (Behring Diagnostics), which also allowed quantification of IgA and IgG, respectively. The HAV specificity of the antibodies was determined by an HAV neutralization assay using FRhK-4 cells.
Influence of pH on HAV-anti-HAV IgA complex stability. HAV-anti-HAV IgA complexes prepared as described above were incubated for different times at 37°C in 0.1 M glycine-HCl buffer of pHs 1.5, 2.5, 3.5, and 7.0. After pH neutralization with 1 M NaOH, the reaction mixture was diluted 1:10 with DMEM. Detection of infectious HAV was performed by titration using FRhK-4 cells. Twofold dilutions were incubated with the cells for 2 weeks at 34°C, and HAV replication was detected by indirect immunofluorescence. The TCID 50 titer was calculated by the Kärber method.
Detection of HAV uptake, release from the immunocomplexes, and replication. IgA-assisted infection with HAV was examined by incubating cells cultivated in six-well plates with 500 l of HAV-anti-HAV IgA complexes in the presence of 10 mM Ca 2ϩ for 2 h at 34°C. After five washes, the cells were incubated at 34°C. Cell lysates were prepared by triple freeze-thaw cycles; alternatively, cRNA was prepared by guanidinium-acid-phenol extraction (5) HAV minus-strand RNA was detected by the hybrid detection assay (HDA) as described previously (34) . Briefly, RNA extracts were hybridized with a specific biotinylated single-stranded DNA probe. The RNA-DNA hybrids were captured onto streptavidin-coated microwells, incubated with an anti-hybrid antibody conjugated to alkaline phosphatase (Digene Diagnostics, Silver Spring, Md.), and detected with a chemiluminescent substrate by use of a luminometer.
Detection of infectious HAV was performed by titration. Twofold dilutions of cell lysates were incubated with FRhK-4 cells cultivated in 96-well plates for 2 weeks at 34°C, and HAV replication was detected by indirect immunofluorescence. The TCID 50 titer was calculated by the Kärber method.
RESULTS
IgA-mediated HAV infection in a mouse hepatocyte model. (i) Characteristics of NCTC 1469 cells. In order to examine
IgA-mediated HAV infection of hepatocytes, a cell line is needed which does not allow detectable replication of infectious virus after infection with HAV but which provides an internal cell environment supporting viral replication after bypassing the steps of viral entry mediated through the cognate virus receptor and which expresses an IgA-specific receptor. As human and primate cell lines normally used for studying HAV do not meet these requirements, we attempted to identify a cell line with suitable characteristics.
In a previous study, it was shown that infection of mouse hepatocellular NCTC 1469 cells with HAV did not result in the production of progeny virus, a finding which was demonstrated by slot blot analysis of viral RNA, radioimmunoassay, and infectivity titers (9) . The result that NCTC 1469 cells are resistant to HAV infection was confirmed by using the HDA (34) , showing that no HAV minus-strand RNA was detectable after inoculation with HAV (Table 1) ; therefore, no detectable HAV replication occurred. However, transfection of NCTC 1469 cells with naked HAV virion RNA resulted in the production of infectious virus, a finding which was demonstrated by inoculation of HAV-permissive FRhK-4 cells with lysates prepared from NCTC 1469 cells 2 weeks after transfection (data not shown). These results show that infection of NCTC 1469 cells with HAV cannot be demonstrated, whereas direct delivery of viral RNA into the cytoplasm results in the recovery of infectious virus.
IgA binding studies using the murine IgA antibody MOPC 315 revealed that NCTC 1469 cells bind isotype-specific IgA and internalize bound IgA by receptor-mediated endocytosis, a finding which was demonstrated using the endocytosis inhibitors sucrose and acetic acid (data not shown). In order to a Cells were inoculated for 2 h at 34°C with HAV-anti-HAV IgA complexes or HAV in amounts equivalent to those in the complex inoculum (2 15 TCID 50 /ml) and incubated at 34°C. In addition, anti-HAV IgA (30 g/ml) was added at day 3 after infection with HAV-anti-HAV IgA in a separate experiment. On the days indicated, cRNA was extracted and HAV minus-strand RNA was determined by the HDA. Each datum point is an average value obtained from two separate experiments and is adjusted by deduction of the value of the negative control.
b LCPS, luminescence counts per second.
further characterize the IgA receptor present on NCTC 1469 cells, we examined the influence of certain substances or conditions on IgA binding (8, 13, 29, 31, 32, 33, 36, 38) by flow cytometry. We could exclude the involvement of the Fc␣-like receptor, because PMA inhibited IgA binding, as well as that of the polymeric immunoglobulin receptor, because treatment of the cells with trypsin had no influence on the affinity for IgA (data not shown). The findings that 10 mM Ca 2ϩ enhanced IgA binding capacity, PMA reduced the affinity for IgA, and the pH optimum of binding was between 6.5 and 8.0 are indicative for the ASGPR. We also found that 1,4-␤-galactosyltransferase is present on NCTC 1469 cells, because 1 mM Mn 2ϩ significantly increased IgA binding capacity, but that endocytotic IgA uptake is mediated by the ASGPR only (data not shown).
(ii) Transfer of HAV into the cytoplasm of NCTC 1469 cells by IgA. In order to determine whether HAV-specific IgA can transmit HAV virions into the cytoplasm of NCTC 1469 cells via the ASGPR, we inoculated the cells with HAV-anti-HAV IgA complexes using the neutralizing monoclonal HAV-specific IgA antibody 1.193 . Titration of the cell lysates, which were prepared after inoculation of the cells with the complexes for 2 h at 34°C, on FRhK-4 cells revealed that virions were released from the complexes in the presence of 10 mM Ca 2ϩ . In the complex inoculum, which was also incubated for 2 h at 34°C, HAV remained nearly neutralized (Fig. 1A) . Inoculation of the cells with HAV alone resulted in the attachment of HAV, but this was not influenced by Ca 2ϩ (Fig. 1A) . Applying the same approach, nonspecific IgA antibody MOPC 315, used as a competitive inhibitor for binding of the HAV-anti-HAV IgA complexes to the ASGPR, as well as the endocytosis inhibitor sucrose inhibited the release of HAV from the complexes by 90% (Fig. 1B) . Attachment of HAV alone was not influenced under these conditions (Fig. 1B) . These results show that HAV-anti-HAV IgA immunocomplexes bind to NCTC 1469 cells via the Ca 2ϩ -dependent ASGPR and are internalized by endocytosis and that HAV is released from the complexes.
(iii) IgA-mediated infection of NCTC 1469 cells with HAV. In order to investigate whether HAV replication takes place after release of the virus from the immunocomplexes following endocytotic uptake, the cells were incubated for different times after inoculation with the HAV-anti-HAV IgA complexes, and the TCID 50 titer of the cell lysates was determined with FRhK-4 cells. After inoculation of NCTC 1469 cells with HAV alone in amounts equivalent to those in the complexes, the amount of nonspecific bound virus remained stable for 14 days and decreased slightly at day 21 postinfection (Fig. 2) . After inoculation with the HAV-anti-HAV IgA complexes, which contained a remaining amount of infectious HAV of 2 5 TCID 50 /ml, we did detect a slight increase in the amount of infectious virus, which remained stable over the course of 21 days (Fig. 2) . However, using the HDA, we detected HAV negative-sense RNA between days 1 and 5 after inoculation with the HAV-anti-HAV IgA complexes but not after inoculation with HAV alone (Table 1) . Therefore, replication of HAV seems to have occurred after inoculation with the immunocomplexes.
In order to consider the possibility that infectious HAV also is newly generated and released from the cells after inoculation with the immunocomplexes but that this effect is strongly limited by the lack of adaptation to NCTC 1469 cell-specific conditions and because newly generated virus released from the cells is not able to infect new cells, we removed 1 ml of the supernatant of the cells inoculated with the immunocomplexes, added anti-HAV IgA 1.193 to generate immunocomplexes, and returned the supernatant to the cells. This procedure, which allows new rounds of infection by released progeny virus, was performed at days 4, 8, 12, and 16 after the first inoculation. We then detected increasing amounts of infectious virus depending on the incubation time, with TCID 50 titers of 1 ϫ 2 6 /ml 2 h after inoculation and 1.5 ϫ 2 8 /ml at day 21 ( Fig. 2: HAV-anti-HAV IgA plus anti-HAV IgA). In comparison with the titers obtained after inoculation with the complexes and without the supplemental addition of IgA (Fig. 2: HAV-anti-HAV IgA), these titers increased continually over the course of the experiment and were significantly higher. An increased amount of HAV minus-strand RNA was also detected 5 days after the initial inoculation with the immunocomplexes and IgA supplementation at day 4 compared to the results obtained in the experiment without IgA supplementation (Table 1 ). This result shows that incubation of NCTC 1469 cells with HAV-anti-HAV IgA complexes results in HAV infection and that the addition of HAV-specific IgA leads to the formation of immunocomplexes with newly generated virus, resulting in amplification of the infection. Therefore, our finding that the lack of susceptibility of NCTC 1469 cells to HAV infection can be circumvented by introducing HAV into the cells with the assistance of IgA molecules and via IgA receptors shows that HAV may gain access to hepatocytes by an IgA-mediated mechanism.
IgA-mediated infection of human hepatocytes with HAV. (i)
IgA-mediated infection of HepG2 cells with HAV. In order to investigate whether the findings obtained with the mouse hepatocyte model are transferable to human hepatocytes, we used the HepG2 cell line, which expresses the ASGPR (36) as well as an HAV receptor molecule. HepG2 cells were inoculated for 2 h at 34°C with HAV-anti-HAV IgA complexes using human anti-HAV IgA isolated from HAV patient serum. The amount of infectious virus remaining in the complex inoculum was 6 ϫ 10 1 TCID 50 /ml. After several washing steps, the cells were incubated for different times, and the TCID 50 titers were determined with FRhK-4 cells. At 2 h after inoculation, the amount of infectious virus was slightly increased compared to that in the complex inoculum ( anti-HAV IgA, day 0). At day 21 postinfection, the amount of infectious HAV was amplified significantly (Fig. 3) . However, inoculation of the cells with HAV-human anti-HAV IgG complexes with a remaining TCID 50 titer of 10 2 /ml did not result in a significant increase in the amount of infectious HAV over the course of 21 days (Fig. 3) . This result shows that neutralization of HAV to a titer of 10 2 /ml does not result in significant virus replication under these experimental conditions and that IgA molecules are therefore able to mediate uptake and infection of HepG2 cells with HAV via the ASGPR. These results were supported by the finding that nonspecific IgA as well as antihuman ASGPR antibodies, which inhibit IgA binding to the human ASGPR competitively, reduced HAV uptake and replication by 50% after inoculation with HAV-human anti-HAV IgA complexes (data not shown). Infection of the cells with HAV alone in amounts equivalent to those in the complex inoculum (Fig. 3A) was not influenced by the presence of the inhibitors.
(ii) Inhibitors of IgA binding to the human ASGPR diminish HAV infection of human primary hepatocytes by HAVanti-HAV IgA complexes. We inoculated cultured human primary hepatocytes with HAV-anti-HAV IgA complexes prepared with polyclonal human anti-HAV IgA antibodies. As human hepatocytes express cellular receptors for HAV and as the ASGPR is a major glycoprotein on the surface of hepatocytes (36), we incubated the cells, respectively, with nonspecific IgA antibody MOPC 315 molecules and polyclonal rabbit antihuman ASGPR antibodies for 1 h before inoculation with the immunocomplexes to differentiate between viral uptake via HAV receptor molecules and IgA receptors. The TCID 50 titer was determined after inoculation for 2 h and 5 days after inoculation. We found that HAV was released from the complexes and that replication occurred over the course of 5 days (Fig. 4A) . In the presence of the inhibitors, HAV uptake via the ASGPR and HAV replication were inhibited significantly (Fig. 4) . Incubation with HAV alone in amounts equivalent to those in the complex inoculum resulted in infection of the hepatocytes as well. However, this infection was influenced by preincubation neither with nonspecific IgA nor with anti-AS-GPR antibodies (Fig. 4) .
These results show that HAV can be introduced into human hepatocytes through the assistance of IgA molecules via the ASGPR and that HAV may gain access to hepatocytes via an IgA-mediated mechanism in vivo.
Stability of HAV-anti-HAV IgA complexes under conditions simulating the gastrointestinal environment. Findings from several laboratories show that HAV is partly shedded as IgA immunocomplexes (19, 22) . In order to investigate whether these complexes may play a role in oral transmission from person to person, reach the intestine, and lead to HAV infection, we studied the stability of HAV-anti-HAV IgA complexes under the harsh conditions of the stomach. The pH range to which the HAV-anti-HAV IgA complexes are exposed lies between 1.5 and 5.0 and is dependent on the food ingested. The time of exposure, which is between minutes and 4 h, also depends on different parameters, such as the sort of food and whether it is solid or liquid.
In order to investigate the stability of the HAV-anti-HAV IgA complexes under these conditions, HAV opsonized with anti-HAV IgA antibody 1.193 was incubated at pHs 1.5, 2.5, 3.5, and 7.0 for 180 min at 37°C as well as at pH 1.5 for 30, 60, and 120 min at 37°C, and the TCID 50 titer was determined with FRhK-4 cells. The titration revealed that complex stability depended on the pH and the incubation time (Fig. 5) . At pH 1.5, 34, 45, and 90% of infectious viruses were recovered from the neutralizing complexes after incubation times of 30, 60, and 120 min, respectively. After incubation for 180 min at pH 1.5, 100% of infectious virus was rescued. At pHs 2.5 and 3.5, 55 and 100% of the complexes, respectively, remained stable for 180 min. Incubation of HAV alone in amounts equivalent to those in the complexes and under the same conditions did not result in a loss of infectivity, and HAV remained neutralized during incubation of HAV immunocomplexes at pH 7.0 for 180 min. To exclude the possibility that after pH neutralization of the incubation reaction reassociation of HAV and IgA occurred, virus incubated under the same conditions as the complexes was supplemented with IgA after neutralization, and titration showed that no complex formation occurred over the time course between neutralization and titration. These results show that depending on the actual conditions existing in the stomach, HAV-anti-HAV IgA complexes can pass the stomach undamaged and gain access to the intestinal tract after oral uptake.
DISCUSSION
Our study examined the mechanism underlying the hepatotropism of HAV and the pathogenetic principle of relapsing infections. HAV is transmitted by the fecal-oral route, but at present it is not known how HAV finds its way to the liver (15) . Based on the data that no extrahepatic sites for HAV replication could be clearly identified until now (2, 6, 18) , although the putative receptor for HAV is expressed ubiquitously (10) and HAV has the ability to infect a number of nonhepatic cells (9, 11) , we suggest that a certain fraction of HAV is targeted to the liver by a liver-directed carrier mechanism.
Using a mouse hepatocyte model which does not allow infection with HAV and therefore allows investigation of carriermediated HAV entry into host cells without interference from HAV receptors, we show that HAV is taken up by hepatocytes as an immunocomplex with HAV-specific IgA by endocytosis via the ASGPR, followed by viral RNA replication and production of infectious virus. We demonstrate that human hepatocytes can be infected by the same mechanism, lending credence to the assumption that HAV-specific IgA mediates infection of hepatocytes with HAV via the ASGPR in vivo.
The ASGPR is a major glycoprotein present on human hepatocytes and is located at the basolateral surface facing the capillaries (36) . After endocytosis, the intraluminal milieu of the endosome allows escape of HAV into the cytoplasm and release of the genomic RNA, resulting in virus replication, as demonstrated in our experiments. For a growing number of viruses, it has been demonstrated that IgG-coated virions find entry into cells via Fc␥ receptors (reviewed in reference 16); these include foot-and-mouth disease virus (25) and poliovirus (1) which, like HAV, are members of the picornavirus family. These data on IgG-mediated infection by foot-and-mouth disease virus and poliovirus correlate with our finding of IgAmediated infection by HAV with regard to the fact that with HAV, no specific conformational change of the capsid, which is triggered by binding to the viral receptor, is necessary for the release of genomic RNA. Also, IgA-mediated viral infections of cells bearing the polymeric immunoglobulin receptor or the Fc␣ receptor have been described for Epstein-Barr virus, influenza virus, mouse mammary tumor virus, and human immunodeficiency virus (13, 20, 26, 42) .
Based on the fact that IgA molecules and antigen-IgA complexes are eliminated from the blood by liver functions, IgA molecules not only may assist HAV entry into hepatocytes but also may direct HAV to the liver. This mechanism may play a role in the course of relapsing HAV infections. In such a situation, anti-HAV IgA which is synthesized and released into the intestinal tract during the first encounter with the virus may associate with HAV virions which are released from the liver to the gastrointestinal tract during the course of the primary infection and may serve as carrier molecule to mediate transport of the virus back to the liver and reinfection of IgA receptor-positive hepatocytes. This mechanism, which may depend on the strength of the IgA response during the first contact with the virus (37), would protect the virus from the neutralizing activities of low-avidity IgM and IgG antibodies present in this early phase of the clinical course of the infection and would thereby enable reinfection of the liver, resulting in exacerbation of liver disease. However, in the case of relapsing infections, HAV is eliminated from the organism eventually. A possible explanation for the interruption of the reinfection cascade would be the production of high-avidity anti-HAV IgG molecules in a later phase by maturation of the immune response, resulting in displacement of the IgA molecules in the HAV immunocomplexes by neutralizing IgG molecules.
The targeting function of IgA in HAV infection may also play a role in primary infection if the HAV-specific IgA response in the gastrointestinal tract takes place fast after oral uptake, allowing rapid immunocomplex formation, or if HAV already is transmitted as an HAV-anti-HAV IgA complex. Several laboratories have presented data that support both hypotheses; i.e., HAV would be neutralized by IgA for infection of IgA receptor-negative cells, so that no extrahepatic site of HAV replication could be identified, but not for infection of IgA receptor-positive hepatocytes.
HAV-specific serum IgA can be detected up to 5 years after disease in humans (27) , a fact which is amazing, because IgA molecules, which have a half-life of 5 days, are catabolized fast by the liver. This information could indicate that IgA production is strongly stimulated, after ingestion of HAV, in the gastrointestinal tract by contact of the virus with the mucosaassociated lymphoid tissue. This notion is supported by the detection of HAV in epithelial cells of the intestinal crypts and in cells of the lamina propria of the small intestine 3 days after oral infection of owl monkeys (2) , indicating that accumulation of HAV occurs in the gastrointestinal tract. Immunocomplex formation would then occur in the submucosa, and a certain fraction of invading HAV could be transported to the liver via lymph fluid and blood. Because the HAV-specific IgG response reaches its maximum in the reconvalescence phase, which represents a remarkable delay, IgA does not compete with IgG in the early and acute phase of disease.
It was also demonstrated that HAV is partly shedded in HAV-anti-HAV IgA complexes (19, 22) . The speculation that these complexes are involved in transmission and the targeting mechanism means that they have to endure gastrointestinal tract passage. In our experiments on complex stability, we showed that HAV-anti-HAV IgA complexes indeed may pass through the harsh environment of the stomach. It remains to be shown if these complexes enter the pathway leading from the gastrointestinal tract to the liver by existing transport activities of the intestinal tract (42) .
